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ELECTROPHORETIC DISPLAY DEVICE ^7" 



^ 0 ^ FIELD OF THE INVENT ION AND RELATED ART 

p The preB^nt invention relates to an 
5 electrophoretic display device wherein colored 
electrophoretic particles or charged migrating 
particles are moved to effect a display. 

p In recent y^ars, accompanying the progress o£ 
data processing apparatus, th^re lias been an 
ID increasing demand for a display device requiring a 
O small powet consumption and a small thickness, and 

c g extepsive study and development have been made on 

~f ae vices satisfying such a demand- Among these, a 

fU liquid crystal display device wherein tin alignment of 

Ifl 15 liquid crystal molecules is electrically controlled to 

JL^ change optical characteristics has been extensively 

M developed and commercialized as a display dKvice 

n satisfying the demand described above. 

y However * such liguid crystal display devices 

20 are still accompanied with problems of visual load on 
human eyes, such as difficulty of recognizing 
characters on display depending on a viewing angl ft or 
due to reflection light, and flickering and low 
luminance of light sources. Accordingly , extensive 
7.5 study Is still made for new-types of dieplay devices 
; causing less visual load on human eyes- 

Reflect ion- type display devices are expected 




from the viewpoints of lower power consump t i on and 
less visual load on human eyes. As a type thereof , 
There has been proposed an elect roptoretic display 
device wherein colored charged particles are moved in 
an insulating liguid (e*g., in U.S.. Patent No. 
3,668,106), Figure 7 is a sectional view of a most 
typical example of such elect ropho ret ic display 
device,. 

Referring to Figure 7, an elect rophoretic 
display device includes an elect rophoretic layer EL 
comprising a colored insulating liauid 6 and colored 
charged particles 7 dispersed thereon, and a pair of 
or pairs of opposing electrodes 4 and 5 disposed to 
sandwich the elect rophoretic layer EL, wherein the 
elect rophoretic layer EL is supplied with a voltage 
via the opposing electrodes to cause the colored 
charged particles 7 to migrate toward and he fixed at 
an electrode biased to a polarity opposite to that of 
the colored charged particles 7 to effect & display by 
utilizing a difference between the color of colored 
charged particles 7 and a dyed color of the insulating 
liquid 6 - More specifically, when the particles 7 are 
attached to the surface of the electrode 4 closer to 
the viewer, -the color of the particles 7 is displayed, 
and when the particles 7 are attached to the electrode 
5 remoter from the viewer, the color of the dyed 
insulating layer 7 is displayed. 
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However , euch a conventional e 1 ect rophor et i c 
display device h<*s involved problems as described 
below with reference -to Figures 8A - 8C r which 
illustrate the operation principle of such a 
5 conventional alectrophoretic display device. 

In a conventional electrophoratic display 
device, a display picture-retiantioii characteristic 
(hereinafter referred to as "memory characteristic") 
is provided by applying a voltage across ttie 

10 electrophoratic layer EL from an external circuit 10 
to form a picture display state (Figure 8A), and 
making the circuit open immediately after the voltage 
application to retain a charge at the electrode 4, 
thereby continually attracting the colored charged 

lb particles 7 by a Coulomb's force exerted by the charge 
retained at the electrode 4 (Figure BB ) . 

The memory characteristic is however lost 
when the voltage application circuit is 
short-circuited to discharge the retained charge 

20 (Figure 8C) . Accordingly, in case where a picture is 
written by a matrix drive, it is necessary to provide 
each pixel with a switching device and effect an 
independent control of an open/close circuit state at 
each pixel . Such an active matrix drive requires a 

25 device of a complicated structure, which incurs an 
increased production cost. 

Further, even under an open circuit state as 
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shown in Figure 8B„ a slight leakage of charge 
retained at the electrode gradually proceedo through 
the electrophoretic layer EL * Accordingly / even if 
•the electrophoretic layer is set to have a high 
5 specific resistance on the order of 10 15 ohm. cm, the 

available memory time is at most ten and several hours 
to several tens hours and cannot be said to he 
sufficient • 

10 SUMMARY oy TTTO INVENTION 

2n view of the above-mentioned problems, an 
object of the present invention ie to provide an 
electrophoretic display device capable of realizing a 
stable memory characteristic for » long period without 

15 relying on a charge retained at electrodes or 

requiring a switching control between open and closed 
states . 

According to the present invention, there is 
provided an electrophoretic display device of a cell 

20 structure, comprising: at least two electrodes, fixing 
surfaces each associated with one of said at least two 
electrodes, an electrophoretic layer disposed in the 
cell and comprising an insulating liquid and colored 
charged particles disposed in the electrophoretic 

2$ layer , and voltage application means for applying a 
voltage between the electrodes thereby causing 
migration of the colored charged particles toward 
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«and collective attanhment onto one of the fixing 
surfaces; wherein at: least: one of the fixing surfaces 
and the colored charged particles is provided with uii 
adhesive layer allowing repetitive attachment thereto 
5 and separation, therefrom of the colored charged 
particles. 

According to another aspect of the present 
invention,, there is provided an elect rophoretic 
display device of a cell structure, comprising; at 
10 least two electrodes, fixing surfaces each 

associated with one of said at least two electrodes, 
an electrophoretic layer disposed in the cell and 
comprising an insulating liquid and colored charged 
particles disposed in the electropnoretic layer, 
15 and voltage application means for applying a 

voltage between the electrodes thereby causing 
migration of the colored charged particles toward 
and collective attachment onto one of the fixing 
surfaces; wherein the fixing surfaces are provided 
20 with a charged film having a constant surface charge 
of a polarity opposite to that of the colored 
charged particles* 

These and other objects, features ana 
advantages of the present invention will ho come more 
25 apparent upon a. consideration of the following 
description of the preferred embodiments of the 
present invention taKen in conjunction With the 
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accompanying drawings. 



Q^L" BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic sectional view of an 
5 Pmhodi mf^.Ti t of the el ectrrop heretic display device 
according to the invention. 

Figure 2 is a schematic sectional view of 
another embodiment of the elect ropnoretic display 
device according to the invention. 
10 Figures 3a - 3C are schematic sectional' views 

for il lust rating an operation principle of an 
embodiment of the elect rophor e 1 1 c display device 
according to the invention. 

Figures; 4-6 respectively show another 
15 embodiment of the electrophoretie display device 
according to the invention . 

Figure 7 Ik a schematic sectional view of a 
conventional electrbphoretic display device. 

Figures 8A - 8C are schematic sectional views 
20 for illustrating an operation principle of the 
conventional electrgphoret i c display device . 

Figures 9 - lO and 12 - 14 are schematic 
sectional views each showing another embodiment of the 
electrophoretic display device according to the 
25 invention. 

Figures 11A - 11C are schematic sectional 
views for Illustrating an operation principle of an 
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embodiment of the el^ctrophoretic display device 
according to the invention* 

DESCRI PTION OF THE PREFERRED EMBODIMENTS 
( FIrsx Embodiment ) 

p> An electrophoretic display device according 
to this embodiment of The present invention is 
characterized by having a cell structure including: 
at least two electrodes , fixing surfaces each 
associated witn one of the two electrodes, an 
electrophoretic layer disposed in the cell and 
comprising an insulating li<juid and colored charged 
particles disposed in the ©lectropnoretlc layex, and 
voltage application means for applying a voltage 
between the electrodes thereby causing migration of 
the colored charged particias toward and collective 
attachment onto one of the fixing surfaces; wherein at 
least one of the fixing surfaces and the colored 
charged particle© is provided with an adhesive layer 
allowing repetitive attachment thereto and separation 
Therefrom of t^e colored charged particles. 

The adhesive layer as a characteristic of 
this embodiment may be disposed on only the fixing 
surfaces, on only the surface of the colored charged 
particles, or on both of the fixing surfaces and the 
surface of the polored charged particles- in case 
where the adhesive layers is disposed on only one of 




the fixing surfaces and the colored charged particles; 
the other may preferably be composed of a matarial 
selected so as to impart optimum adhesiveness and 
peelability to the adhesive layer in consideration of 
5 -the fact that adhesiveness and peelability are largely 
affected by the surface energy and solubility 
parameter of tUe other side material. 

The adhesive layer is required to allow 
repetitive attachment thereto and separation therefrom 
10 of the colored charged particles, to he insolnole in 
the insulating liquid and, in case where it is formed 
on the surface of the colored charged particles, not 
to impair the dispersibillty of the colored charged 
particles in the insulating layer. 
15 For comply with these requirements f the 

adhesive laypr may suitably comprise a polymer having 
a glass transition temperature (Tg) of -35 °C to +35 
°C and comprising at least ono polymer species 
selected from the group consisting of 
20 pol y ( m©t h ) aery 1 a t6 esters, poly (meth) acrylic acid 
poly (meth ) aery 1 emit rile , poly ( meth ) aery 1 amide f 
polyvinyl esters and polyvinyl ethers, so as to 
provifia a tackiness at an operating temperature 
siai table for repetitive attachment and peeling as 
25 exhibited by "Post-it" (trade name, available from 3M 
Co.) extensively ujsed as memo- slip or tag paper. 

Figure 1 is a schematic: sectional view of an 



cimbodiment of th6 electrophoretic display device 
according to the present invention. An 
eJ-wtropnoretic display device shown in Figure 1 
includes two (closed) cell structures, each of which 
comprises a transparent (display-side) substrate 1, a 
counter substrate 2 and a partitioning wall 3 to form 
a. cell, which is filled with an electrophore-tic layer 
EL comprising a colored insulating layer 6 and colored 
charged particles 7 colored in a different color from 
the colored insulating layer 6. In each cell, the 
transparent display eubBtrate 1 has thereon a 
transparent display electrode 4, and the counter 
substrate 2 haa Thereon a counter electrode 5. Each 
OJ: the transparent display electrode 4 and the counter 
electrode 5 ha© a fixing surface 13 onto which the 
colored charged particles 7 are collectively attached - 
The fixing surface 13 ic coated with an adhesive layer 
8 allowing repetitive attachment thereto and 
separation therefrom of me colored charged particles 
7. 



of the display device will he described with reference 
to figures 3A to 3C. As explained with reference to 
Figure 1, each eel 3 structure of the display device 
includes mutually opposing two substrates 1 and 2, a 
transparent display electrode 4 farmed on the 
transparent display substrate 1, a counter electrode 5 




Now, the operation principle for a unit cell 
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formed on the counter electrode 2, a colored 
insulating layer 6 disposed between the opposing 
Electrodes 4 and 5, colored obarged particles / 
dispersed in the colored insulating layer 6 (and 
5 assumed herein to tie positively charged ) , and adhesive 
layers 8. 

Now , if an externa.1 cireuit 10 is connected 
as shown in Figure 3 A to induce a negative charge at: 
the transparent display electrode 4 and a positive 
10 charge at the counter electrode 5, the positively 
D charged colored charged particles 7 are collected and 

= p attached onto the transparent display electrode 4, 

i~ whereby the display surface exMOits the color of the 

rU colored cftargad particles 7. 

fff 15 Then, if the external circuit 10 is; turned 

^ open as shown in Figure 33, the charges on the 

^ respective electrodes are retained, whereby the 

Cl colored charged particles 7 arc fixedly attached onto 

^ the transparent display electrode 4 due to an 

20 electrostatic attractive force exerted by the retained 
chax-ye - 

Now, if the external circuit 10 is short- 
circuited as shown in Figure 3 , the charges retained 
at -che electrodes 4 and 5 are released to lose the 
25 electrostatic attraction. In this state, however, the 
colored charged particles 7 are retained by attachment 
or adsorption to the adhesive layer 8 formed on the 
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electrode 4, thus retaining the display state. 

Accordingly, even in a drive system such as 
simple matrix drive wherein the circuit-open state is 
not effectively retained, a good memory characteristic 

5 is exhibited. Further* as the surface charge on the 
adhesive layer 8 is never released, a stable memory 
characteristic can he realized for at lpng period. 

On the other hand, the rewriting of a display 
state is performed by peeling or separating the 

10 colored charged particles 7 from the adhesive layer 8 
on the electrode 4 by applying reverse-polarity 
voltages to the electrodes 4 and 5 by connecting the 
external circuit 10 as represented by a dotted line in 
Figure 3C, i.e., to apply^a_positive charge to the 

15 electrode 4 and a negative charge to the electrode 5, 
so as to exert an energy exceeding a drive voltage 
threshold corresponding to the adsorption energy of 
the adhesive layer 8. In this way, by optimizing the 
adhesive force exerted by the adhesive layer 18, it 

20 becomes possible to design threshold characteristics 
essential for a simple matrix drive. 

The effectiveness of the present invention is 
not restricted to the above-described organization but 
can be applied to any ©1 Bet rophoret i c display device 
25 having a fixing surface or charged particles. 
Examples thereof may include: a display 
electrode/masking elect rode- type display device as 
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adhesive layer an a fixing surface 14 as shown in 



discXoeed in JP-A 9-J&21 14^anfl modified -to include an 



Figure 4; a. Horizontal movement - type display device as 
^ ri s disclosed in JP-A and modified to include an 

5 adhesive layer 8 on a fixing surface 14 as shown in 
Figure 6; and a microcapsule- type display device as 
disclosed in JP-A 1-086116 including polymer capsule? 
12 containing an insulating layer 6 and modified to 
use adhesive colored charged particles 13 exhibiting o 
10 surface-adhesive colored charged particles 13 
^ exhibiting a surface adhesiveness as shown in Figure 

;^ 6. Each cell can include 3 or more electrodes so as to 

ifl provide at least one third electrode for controlling 

the movement of e 1 ect rophoret i o particles in addition 
15 to two drive electrodes as disclosed in U.S. Patent 

No, 4,203,106 with further modification to provide one 
of the drive electrodes or the electrophoretic 
particle surface. 

The organization of the adhesive layer will 
20 now be described ii* further detail. 

Preferred examples of the material for the 
adhesive layer may include: poly (meth) aery late esters ( 
i.e., polymers of acrylic acid esters and metbacrylic 
acid esters. Specific examples thereof may include: 
25 polyalkyi (meth)acrylates; such as polymethyl 

( meth ) aery 1 ate , polyethyl (meth)acrylate f polypropyl 
( meth ) acrylate , poly-n-butyl (meth ) acrylate , 
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polylsobutyl (metnjacrylate, poly-t-butyl 
(met h ) acryl ate , polycyclobexyl ( methJacTylat^; 
derivatives thereof, such as poly-2-nydroxypropyl 
(methJacryXate, and poly- 2 „ 2 „ 3 r 3-tetraf luoropropyl 

5 (meth)acrylate; and aroiitatic aatars, such as 
polybenzyl ( meth ) acrylate . 

Among these, 11: is preferred -to use polymers 
having a glass transition temperature (Tg) of at most 
+ 35 °C, more preferably at most room temperature, and 

10 at least -35 °C so ae to exhibit an adhesiveness or 
tackiness at an operation temperature of the display 
device. An example of polymer having a low Tg is 
poly-n-outyl acrylate having a. weight -average 
molecular weight according to <3FC (gel permeation 

15 chromatography) of ca. 10 5 exhibiting a Tg pf -40 to 
-60 °C. 

Such poly-n-butyl acrylate is © viscous 
liquid at 25 °C and exhibits a tackiness, but the 
tackiness by itself is too high. Accordingly, it id 

20 preferred to use a copolymer of n-butyl acrylate with 
a monomer providing a polymer exhibiting a higher Tg. 
For example, copolymers of n-butyl acrylate and n- 
butyl nwthacrylate in appropriate proportions may have 
appropriate glass transition temperatures and 

25 adhesiveness. 

Appropriate adhesiveness and peelability may 
also be controlled by copolymer! z ing , e.g., fluorine- 
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wntaining esters , such as 2,2, 3 , 3-tet raf luoropropyl 
acrylate; esters having a polar group, such as 2- 
hydroatypropyl acxrylate; and other polar monomers,, such 
as (meth)5crylic acid, (meth)acxrylO:rtitrile, 
5 methacrylamitie „ vinyl acetate and other estars . It ie 
also possible to control "the adhesiveness and 
peelability of these polymers by regulating molecular 
weight, orientation or crystallinity, and presence or 
absence of crosslinkage- In addition to 
10 copolymerization, it is possible to mix or laminate 
^ such adhesive polymers. 

;P In addition to the above-mentioned arylate- 

k n based resins, it is also possible to use polymers 

l 'z predominantly comprising polymerized units of 

^ 15 (meth) acrylic acid, (meth)acrylonitrile, 

Q ( meth) aery 1 amide, vinyl esters and vinyl ethers - 

^ Sv«t:if lc examples of (co) monomers providing 

such adhesive (co) polymers may include; styrene, o- 
f% methyl styrene , m-methyl styrene r p-methoxystyrene . p- 

20 ethylstyrene, t-butyl styrene , acrylic acid, methyl 
acrylate, ethyl aery late, n-nutyl aery late, n-propyl 
acrylatc, ieobutyl acrylate, actyl acrylate, dodecyl 
acrylate, 2-ethylhexyl acrylate, stearyl acrylate, 2- 
chloroethyl acrylate, phenyl acryiatB, methacryl i c 
25 acid, methyl methacryl ate - ethyl methacrylate r n- 

propyl methacrylate, n-butyl methacrylate, isobutyl 
mettiacrylate, n-octyl methacrylate, dodecyl 



methaerylate, 2-ethylhexyl met hacry late, stearyl 
metnacrylate, phenyl metnacrylate, dimethylaminomethyl 
methacrylate, diethyl aminoethyl methacryiare, 2- 
hydroxyethyl metnacrylate , acrylonitri le , 
niethacryl onitrile „ acryl amide, methyl vinyl ether, 
Q-thyl vinyl ether, propyl vinyl ether, butyl vinyl 
etner. isobutyl vinyl ethar, p-chloroethyl vinyl 
ether, phenyl vinyl ether, p-methylphenyl vinyl ether, 
p- chl o ropheny 1 vinyl ether, p-broroophenyl vinyl ether, 
p-nitrophftnyl vinyl ether, p-methoxyphenyl vinyl 
ether, 2-vinylpyridine, 3-vinylpyridine, N- 
vinylpyrrolidone , 2-vinylimiaazole, Kf-rae thy 1 - 2 - 
vinyl imid&zple, N-vinyllm±dazole, butadiene, fumaric 
acid, maleic acid, Itaconic acid, and salts of these. 



polymerization using various initiators, examples of 
which may includes azo or diaao-type polymerization 
initiators, such as 2, 2 « -azobis( 2 , 4-dimethyl- 
veleroxiitriie) , 2,2" -aaabisisobutylonitrllc, 1,1'- 
azohist cyclohexane- 1-carboni tri Le ) and 2,2' -azobis-4- 
methoacy-2, 4-dini6thyl val eroni t rile; and peroxi de-type 
polymerization initiators, such as benzoyl peroxide, 
methyl ethyl Ketone peroxide, diisopropyl 
peroxycarbonate , cumene hydroperoxide, 2,4- 
dichiorohenzoyl peroxide and lauroyl peroxide. 



These polymers may he obtained by 




b e3iveuess or tackiness between two 



he evaluated based on solubility 



-16- 

^sLrameters (SP v^lu^a ) of the two substances. Two 
substrates having closer SP values may exhibit a 
better mutual- solubility, and in case where one is 
solid/Neachibit a better wettability (e.g., as 
5 disclosed in "Adhesive Handbook" published from Nxkkan 
Kogyo Shim^mn K.K. ) • Polymers may exhibit an SP 
^ values over \ broad range of from 6 of pdlytetra- 
flaoroethyleneVto 16 of polyacrylanitrile . 
Accordingly, in N:he present invention, it is preferred 
10 to select an adhesive layer material in view of the SP 
value of the materials constituting the fixing surface 
or the colored charges particles. 

The adhesive colored charged particles (e.g. , 
13 as shown in Figure 2 Figure 6) used in the 
15 present invention can be formed by surf ace -coat iny 

colored charged particles with an adhesive layer but 
may suitably be composed of a colored adhesive 
material. More specifically^ such adhesive colored 
particles may preferably be formed through suspension 
20 polymerization or emulsion polymerisation while they 
can also be formed through bulk: polymerisation or 
solution polymerization. 

The adhesion or adsorption force of such 
adhesive colored particles onto the fixing surface can 
2b be controlled to some extent by adjue-bment of average 
particle size* Particles having an average particle 
size of ca- 5 pm are liable -to exhibit too strong an 
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adhesive fore* onto -Che fixing surface and tnus a 
lower peelatoility . on the other hand, particles 
Having an average particle siz« Exceeding ca. 70 pm 
have a smaller contact area with the fixing surface, 
5 thus posing a difficulty in ensuring an appropriate 

level of adhesion force. Accordingly, it is preferred 
to provide an average particle size in a range of ca- 
5 - 70 pfll. 

In order to prevent agglomeration and ensure 
10 a dispersion state of colored particles during 
suspension or emulsion polymerization and in a 
colored insulating layer within the display device, it 
is preferred to add an appropriate dispersant. 

examples of such disper^ant may include: 
15 polyvalent metal salts of phosphoric acid, such as 
calcium phosphate, aluminum phosphate and zinc 
phosphate; carbonic acid salts, such as caelum 
carbonate, and magnesium carbonate; other inorganic 
salts, such as calcium metal silicate, calcium 
20 sulfate, and barium sulfate; inorganic (hydro) oxides, 
such as calcium hydroxide, magnesium hydroxide, 
aluminum hydroxide,, silica, bentonite and alumina; 
surfactants , such as sodium dodecylbenzsnesnlfonate r 
sodium tetradecyl sulfate, sodium pentadecyi sulfate, 
25 sodium octyl sulfate r sodium oleate, sodium laurate, 

sodium etearate, and potassium stearate; and polymeric 
dispersants r such as polyvinylpyrrolidone and 
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polyvinyl alcohol having various saponification degree 
and molecular weights - 



charged particles may include: -titanium oxide., 
carbon black, nigrosxtia, iron black. Aniline Blue, 
Chalcoil Blue, Chrome Yellow, Ultramarine Blue, Dupont 
Oil Red, Quinoline Yellow, Methylene Blue Chloride, 
Phthalocyanine Blue, Malachite 6rcon Oxalate, Lamp 
Bl ack , Rose Bengal , CI. Pigment Red , C.I- Pigment 
Yellow, c.i. Pigment Blue, C.I. Direct Red 1, C.I. 
Direct Red 4, C,I- Acid Red 1, C.I* Basic Red 1, C.i- 
Mordent Red 30, C.I. Direcr Blue 1, CI- Direct Blue 
2, C.I- Acid Blue 9, C-I- ACld Blue 15. C.I- Basic 
Bine 3, c.I. Basic Blue 5, C.I. Mordant Blue 7, C.I. 
Direct Green 6, C.I. Basic Green 4, C.I- Basic Gotten 
6, Leafl Yellow, Cadmium Yellow, Mineral Fast Yellow, 
Havre Yellow, Naphthol Yellow S, Hansa Yellow G, 
Permanent Yellow NCG, Turtradine Lake/ Molybdenum 
Orange, Permanent Orange G, Cedmium Red, Permanent 
Red 4R, watching Red Calcium salt, Brilliant Carmine 

F^6t Violet B, Methyl Violet Lake, Ultramarine, 
Cobalt Blue, Alkali Blue Lake, Victoria Blue Lake, 
Qui nac r i done * Rhodamine B t Fast Sky Blue, Pigment 
Green B, Malachite Green Lake, and Final Yellow 
Green G. 

It is also possible to use a magnetic 
colorant, examples of which may include: Be-ferrites, 



Examples of colorants for coloring the 
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Sr-f erxite, Pb-farrites r magnetite, gamma~Fe203 and 
acircular magnetic materials, such as Co-ferrites- 
These may be alone dl~ in mixture thereof or in 

mixture with soft ferrite particles. 

S The (adhesive) colored charged particles used 

in the present: invention can optionally contain a 
charge control agent, inclusive of negative charge 
control agents, such as metal complex salts of monoazo 
Oyes # and metal complex salts of salicylic acid, alkyl 

10 salicylic acids, dialkylsalicylic acids and napbtoic 
acid; and positive charge control agents,, such as 
nigroaine confounds, and organic quaternary ammonium 
salts. 

S (Second Embodiment) 

15 -p An electrophoretic display device according 

to this embodiment of the present invention is 
characterized by a cell structure, including: at least 
two electrodes, fixing surfaces each associated wi-th 
one of the two electrodes, an electrophoreses layer 

20. disposed in the cell and comprising an insulating 

licjuid and colored charged particles disposed in the 
elect rop ho ret ic layer, and voltage application means 
for applying a voltage between the electrodes thereby 
causing migration of the colored charged particles 

25 toward and collective attachment onto one of the 

fixing surfaces; the fixing surfaces are provided with 
a charged film having a constant surface charge of a 
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polarity opposite to that of the colored charged 
particles . 

The charged film may comprise a ferroelectric 
film or ail Glectret film- 
It is preferred -that the insulating layer 
contains a polar ion- adsorbing agent, such as alumina 
or silica, so as to suppress the ion concentration in 
the insulating layer, thereby providing a high 
insulating property as represented by a volumetric 
resictivity of at least id 12 ohm. cm, preferably at 
least io 12 - 10 3 - 5 ohm. cm. as a result, the decrease 
in surface charge of the charged film due to ion 
adsorption becomes negligible. 

Figure 9 is a schematic sectional view of an 
embodiment of the electrophoretic display device 
according to the present invention. An 
electrophoretic display device shown in Figure 9 
includes two (closed) cell structures, each of which 
comprises a transparent (display-aide) substrate 1, a 
counter substrate 2 and a partitioning waJ-1 3 to form 
a cell, which is filled with an electrophoretic layer 
EL comprising a colored insulating layer 6 and colored 
charged particles 7 colored in a different color from 
the colored insulating layer 6. in each c*=sll, the 
transparent display substrate 1 has thereon a 
transparent display electrode 4* and the counter 
substrate 2 has thereon a cdunter electrode 5 - Each 
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of the transparent display electrode 4 and the counter 
Electrode 5 a fixing surface 13 onto which the 

. cglored charged particles 7 are collectively attached. 
The tilting surface 13 is coated with a charged film 18 
5 having a constant charge of a polarity (negative in 
the embodiment of Figure 9) opposite to that of the 
colored charged particles 7. 

Now, tne operation principle for e unit cell 
of the display device will be described with reference 
10 to Figures 11A to llC . A» <wcplaine<l with reference to 
Figure 9, each cell structure of the display device 
includes mutually opposing two substrates 1 and 2, a 
transparent display electrode 4 farmed on the 
transparent display substrate 1, a counter electrode 5 
15 formed on the counter electrode 2, a colored 

insulating layer 6 disposed between the opposing 
electrodes 4 and 5, colored charged pditicles 7 
dispersed in the colored insulating layer 6 (ana 
assumed herein to be positively charged ) , and charged 
20 films ia. 

Now, if an external circuit 10 is connected 
as shown, in Figure 11A to induce a negative charge at 
the transparent display electrode 4 ana a positive 
charge at the counter electrode 5 , the positively 
25 charged colored, charged particles 7 are collected and 
attached onto the transparent display electrode 4, 
whereby the display surface exhibits the color of the 
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colored charged particles 7. 

Then, if the external circuit is turned open 
as shown in Figure the cnarges on the respective 

elwtrbdes are retained., whereby the colored charged 
5 particles 7 are fixedly attached onto the transparent 
display electrode 4 due to an electrostatic attractive 
force exerted oy the retained charge. 

Now , if the axte rnal ci rcui t 10 is short - 
circuited as shown in Figure 11C, the charges retained 
10 at the electrodes 4 and 5 are released to lose the 

electrostatic attraction. In this state, however, the 
colored charged particles 7 are retained by an 
electrostatic force exerted by the negative charge 
held by the charged film 18 formed on the electrode 4, 
15 tnus retaining the display state - 

Accordingly, even in a drive system such as a 
simple matrix drive wherein the circuit— open state is 
not effectively retained, a good memory characteristic 
is exhibited * Further/ as the surface charge on the 
20 charged film 18 is never released, a stable memory 
characteristic can be realized for a long- period* 

on the other hand, the rewriting of a display 
state is performed hy peeling or separating the 
colored charged particles 7 from the charged film IS 
25 on the electrode 4 by applying reverse-polarity 

voltages to the electrodes 4 and 5 by connecting the 
external circuit 10 as represented by a dotted line in 
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Figure i.e., to apply a positive charga -to the 

electrode 4 and a negative cliarge to the electrode 5, 
so as to exert an energy exceeding a drive voltage 
threshold corresponding to the electrostatic force 
5 giveTi fay he charged film 18. in this way, by 

optimizing the electrostatic force eace-rted by the 
Charged film 18, it becomes possible to design 
threshold characteristics essential for a simple 
matrix drive . 

10 The effectiveness of the present Invention is 

y not restricted to the above-described organisation but 

Jp can be applied to any electrophoretic display device 

,Q having a fixing surface or charged particles, 

^ Examples thereof may include i a display 

IH 15 electrode/masking electrode-type display device as 

Cf 

disclosed in JF-A 9-021 14^_^nd modified to include ^ 
=^ charged film 18 on a fixing surface 14 els Shown in 

^/h&2<y^ Figure 12; a horizontal movement- type display device 

^S 2 — as disclosed in JP-A^3J^0^S^*?—iand modified to include 



20 a charge film 18 on a fixing surface 14 as shown in 
Figure 13; and a microcapsule- type display device as 
disclosed in JP-A 1-08G116 including polymer capsules 
l2ti forming a filing surface 14, containing an 
insulating layer 6 and colored charged particles 7 

25 therein and also modified to be formed of diarged 
films 18a as shown in Figure 14, wherein the fixing 
surface 14 is given by an external surface of a 



/ 





•24- 



mi crocapsul e 12. 

The nnarged film 18 may preferably comprise a 
ferroelectric material or an electret material . 

Examples of the ferroelectric material 
5 suitably used in the present invention may include: 
inorganic compound, such, as lead zirconate titanate 
(PZT), lanthanum- added lead zirconate titanate (PLZT), 
and barium titanate; and organic polymers, guch as 
polyvinyl idene fluoride (PVDF) and vinyl idene 
10 f luorl de-trif luoroethylene (VDF/TrFE) copolymer. By 
forming a charged film of such a ferroelectric 
material, it is possible to form a very large surface 
charge as large as 10O - 20000 nC/cm . 

The electret-f orming materials used in the 
15 present invention may include dielectric material $ in 
general, inclusive of inorganic materials / such, as 
glass, tint may preferably comprise organic polymer 
materials capable of utilizing a printing process for 
the film formation in view of productivity- It is 
20 preferred to use fluorine-containing resins, such, as 
polytetraf luoroethylene, tet raf luoroethyJ. ene- 
trif luoroethylene copolymer, polytetraf luoroethylene, 
FEP copolymer ( tetraf luoroethylene-Jiexaf luor ©propylene 
copolymer)/ in view of performances , and *t is also 
25 poesible to suitably use other* polymers, such as 

polyethylene , polypropylene , polystyrene , polymethyl 
methacrylate , polyvinyl chloride, polyethylene 
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terephthal ato , and poiyimide. An electret film may 
desirably have a surface charge (density) of at least 
5 nC/cm^ and possibly ca. 50 nC/cm 2 at the maximum. 

The significance of eiecrtret material is 
5 supplemented belpw. "Electret" has been named after 
"magnet" leased on their similarity and Is a material 
persistently retaining induced polarization to provide 
on external electric field tliereof - 

An 6lectret is formed through polarization 
10 and retainmexit (or freezing) thereof. In this 

embodiment, the retainable or persistent polarization 
is representatively set up by (i) charge separation 
caused by microscopic or macroscopic displacement of 
ions contained in a paraelectric material, (ii) 
15 anisotropic al igniwant of intra-molecular dipole 
composed of a. polar group, etc* , by an external 
electric field, or (iii) charge injection by corona 
discbarge caused by a corona discharge electrode or 
occurring at gaps between an electrode and a 
20 dielectric. 

Ion charge separation or a polarised charge 
by dipole alignment provides a tetero-charge of a 
polarity different from that of an external field 
application electrode, and a spatial charge caused by 
25 charge injection from an external electrode as by 

corona discharge provides a homo-charge of a polarity 
identical to that of the external electrode. 
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According x.a measuremazxt by a -thermal stimulation 
current: (TSC) „ tnfi freezing or reTairunent uf a 
polarization charge is considered to be caused by a 
deep tr^p, etc* of electrons, holes or ions present at 
b non-aligned regions, such as crystal grain boundaries, 
within a par^diectric bodyv particularly a region 
close to the surface thereof. 

Eiectret formation may be performed through 
variouB processes, inclusive of, e.g., the following 
10 processes: 

P ( (i) a paraelectric material heated to a proximity 
of softening temperature or malting temperature is 
cooled under application of a high DC electric field 
( thermo-electret process). 
15 ^ | (2 ) Corona discharge onto a paraelectric material 
surface or a high DC electric field (up to ca. 10 6 
V/cm) close to a breakdown voltage is applied across a 
paraelectric material at room temperature (electro- 
elect ret process) , 
20 ^ \ (3) IrracJiatiori of a paraelectric material with 
high-energy radiation ( such as electron rays and 
gamma— rays) in vacuum ( radlo-elactret process). 
p| (4) Application of a high DC voltage onto a 
paraelectric material under photo-illumination (photo- 
25 elect ret: process) - 

P j (5) Mechanical deformation as by pressurization, 
stretching, etc. (mechano-electret process). 
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Hereinbelowp some specific examples of the 
elfictraphoretxc display device according to tue 
present invent: ion will b^ described. 



thereon an adhesive layer* 8. More specif i call y, each 
10 cell is defined by a display-side transparent 

substrate 1, a counter substrate 2 and a partitioning 
wall 3, and is filled with an elcctrophoretic layer 
(EL) -forming mixture comprising a colored insulating 
liquid 6 and colored charged particles 7 dispersed in 
the insulating liquid 6. In each cell, the display- 
siae transparent substrate 1 is provided with a 
transparent display electrode 4 and the counter 
substrate 2 i* provided with a counter electrode 5 . 
Each of the display electrode 4 and the counter 
20 electrode 5 is coated with an adhesive layer 8 , 




shows an example of electrophoretric 



display device including two closed cells each 
corresponding to a display segment (or pi^el) and 
comprising two opposing electrodes 4 and 5 each having 



The electrophoretic display device may be 



producea along a process described hcreinbelow. 



Transparent display electrode 4 are formed on 



a transparent display substrate 1, and counter 



25 



electrodes 5 are formed on a counter substrate 2. 



Each of the substrates 1 and 2 may be formed of a 



material showing a high tranemittanoe for visible 
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light smd a high heat resistance, examples of which 
may include; inorganic materials, such as glass and 
quartz; and polymer films, such as polyethylene 
terephthal^te (PET) and polyether sulfone ( PES ) - In 
5 thie example, glass substrates were used. 

The transparent display electrofle 4 may be 
fonnad of any transparent conductor material capable 
of patterning. In tbis example, a 200 run-thick indium 
tin oxide (ITO) film was formed by vapor deposition 
10 and patterned into electrodes 4- The counter 

electrodes 5 may also be formed of such transparent 
conductor materials and also of metal conductor 
materials. In this example, a 200 niu-thick Al film 
was formed by vapor deposition and patterned into 
15 electrodes 5. 

The adhesive layer 8 was formed of a n-btrtyl 
aery late-n- butyl met ha cry late copolymer. More 
specifically, 50 wt. parts of n-lputyl acrylate and 50 
wt. parts of n— butyl mcthacrylate were dissolved in 
20 toluene to form a 10 wt . %-solution, and l wt. % of 
2, 2 * -a^oMsisobutylonitrile was added thereto as a 
polymerization initiator, followed by 3 hours of 
polymerization under bating at 70 °C, to form a 
polymer solution. 
25 The substrates 1 and 2 carrying the patterned 

electrodes 4 and 5, respectively, were coated with a 
resist so as to selectively expose the electrodes 4 
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eiid 5. and then coatad with the polymer solution by 
spin coating, followed by evaporation of the solvent 
and removal of the resist to leave a ca. 500 nra-thick 
transparent adhesive layer a on each o£ th6 electrodes 
S 4 and 5- The resultant polymer exhibited a glasK 
transistor (Tg) of -15.4 °C as measured by using a 
differential scanning calorimeter ( l, DSC3100" , mfd- by 
Mac Science K.Kw)- 

Then, partitioning walls 3 are formed on the 
10 counter substrate 2. The partitioning walle 3 may 
suitably be formed of a polymer material through any 
processes, e»g., a process including a sequence of 
application of a photosensitive resin layer, exposure 
and wet development; a process of bonding separately 
15 produced partitioning walls; or a process of forming 
partitioning wai i s by molding on c± light trancmissive 
counter substrate 2, in this example, a process 
including application of photosensitive varnish, 
exposure and wet development was repeated in three 
20 cycles to form 50 urn- high partitioning walls 3. 

Then, an electrophoretic layer-forming 
mixture comprising a colored insulating liquid 6 and 
colored charged particles 7 is placed within the 
partitioning valid. The colored insulating liquid 6 
25 may be formed by dispersing or dissolving a colorant, 
such as dye* in an insulating liquid, such as 
silicone oil, toluene, xylene or high-purity kerosene. 
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In this example, the colored insulating liquid 6 was 
formed by dispersing an anthraquinone-based black dye 
in silicon^ oil. 



5 pigment particles or re^in particles of e.g., 

polyethylene or polystyrene containing powdery pigment 
dispersed therein capable of being charged in tne 
colored insulating li<juid 6. The colored charged 
particles 7 may g^n^raXly have an average particle 
10 size on the order of O.l - 50 \xm. In this example. 

wnite particles having an average particle size of 0.5 
pm and prepared by dispersing white powdery pigment 
(titanium oxide) in polyethylene particles. The white 
resinous particles 7 thus prepared were confirmed to 

15 be positively charged in th^ ^bove- prepared colored- 
insulating liquid 6- 



appliea onto the partitioning walls; 3 with a bonding 
agent to form a display device having a structure as 
20 shown in Figure 1 including two closed cells each 
measuring ca. S00 pin x ca. 500 pm. 



A display device was prepared in the same 
!aanne r as in Example l except for omitting the 
25 adhesive layers 8. 



The colored charged particles 7 may comprise 



Finally* the transparent substrate 1 was 




(Operation) 




The thus-prepared two display devices having 
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similar structures as shown in Figure 1 feitcept for the 
presence or absence of the adhesive layers 8 were 
driven toy a drive circuit (not shown) • More 
specifically, first, the electrodes 4 of a left cell 
5 and a right cell of each device were supplied with -50 
volts and +50 volts, respectively, relative to the 
counter electrodes 5. As a result, in the left ceil, 
the positively charged white particles 7 were migrated 
and attached to the transparent display electrode 4 so 
10 that the cell displayed the white color of the 

attached charged particles 7, and in the right cell, 
the positively charged white particles 7 were migrated 
and attached to the counter electrode 5/ whereby the 
right cell exhibited the black color of the colored 
IS insulating liquid 6, The response speed was t*0 msec. 
The display devices of Example 1 and Comparative 
Example 1 exhibited similar drive characteristics. 



respect to the display device of Comparative Example 
20 1 * no change was observed- However, after 5 hours of 
standing,, a noticeable change in displayed colors was 
observed due to partial liberation anrt diffusion of 
the colored charged particles 7 from the fixing 
surfaces - Then, the external circuit was closed to 
25 apply the initial voltage -thereby restoring the first 
display state, and then the transparent display 
electrode 4 and the counter electrode 5 were short- 



When the, external circuit was made open with 
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circuited, whereby almost all the colored charged 
particles were liberated and diffused into the liquid 
and the color display at ate was lost within several 
minutes * 



Example 1 in tine color display state shown in Figure i 
was similarly brought to the circuit open state, no 
change was observed at oil even alter, 50 hours of 
standing- Then* the transparent display electrode 4 
10 and the counter electrode 5 were short -circuited, 
whereby no change was observed at all even after 50 
hours of standing, so that the realisation of a good 
memory characteristic was confirmed. 



15 Comparative Example 1 were bath subjected to 

application of rectangular pulse voltages of 50 msec 
and various amplitudes » As a result, the display 
device of Comparative Example 1 having no adhesive 
layers exhibited a switching threshold voltage of ca. 

20 10 volts, whereas the display deviee of Example 1 

exhibited an increased threshold voltage Of 35 volts 
and remarkably Improved gamma-characteristic. Further 
even after repetition of loo cycles of switching by 
application of rectangular pulse voltages of 50 msec 

25 and ±50 volts, no change In drive characteristics was 
observed. 



5 



Separately, when tne display device of 



The diaplay devices of Example 1 and 
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An ©lectrophoretic display flevic^ Having a 
structure as shown in Figure 2 using adhesive colored 
charged particles 13 was prepared in the same manner 
as in Example 1 except for using -the adhesive colored 
5 charged particles 13 instead of the colored charged 
particles 7, omitting the adhesive layers on the 
electrodes and using a colored insulating liquid 6 o* 
isoparaffin (^IsoparV mfd. by Exxon Chemical America 
Co,) instead of the silicone oil. 
10 The adhesive colored charged particles 13 

were prepared as follows. A blend of 1.5 g of 99 %- 
saponified PVA (polyvinyl alcohol) and 0. 06 g of 90 %~ 
saponified PVA both having an average molecular weight 
of 500 w^ dissolved in 200 g of water under heating 
15 to form a PVA solution. 

The pva solution was mixed with 90 g of a 
monomer mixture of n-butyl ac*ryiate/n~butyl 
methacrylatc (50/50 by weight), 10 g of titanium oxid<? 
powder and 1 g of ammonium persulfgtp. t and the mixture 
20 was cooled on Ice in a nitrogen atmosphere, followed 
by dropwise addition of 1 g o£ t etramethyl ethyl ene- 
diamine under vigorous stirring and 17. hours of 
polymerization under the state. The reaction solution 
was poured into methanol, and the supernatant liquid 
25 wae removed by decant at ion . The poxymeriaate was 
further washed with methanol and water to recover 
adhesive white particles, which exhibited Tg ~ -13.6 
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°C as measured by a differential scanning calorimeter 
( "DSC 3100"* mfd- by Mac Science K«K, ) . The white 
particles were tacky particles room temperature (25 
°C) . 

5 The thus-prepared display device having a 

structure ae shown In Figure 2 was driven by a drive 
circuit, (not shown). More specifically, first, the 
electrode 4 of a left cell and a right cell of each 
device were supplied with -50 volts and +50 volts, 
10 respectively , relative to the counter electrodes S- 

As a result, in the left cell, the positively charged 
white particles 13 were migrated and attached "to the 
transparent display electrode 4 so that the cell 
dicplayed the white color of the attached charged 

15 particles 13, and in the right cell, the positively 
ch^rg&fl white particles 13 were migrated and attached 
to the counter electrode 5, whereby the right cell 
exhibited the black color of the eolorea insulating 
layer 6. 

20 When the display device of this example in 

the color display state shown in Figure 2 was brought 
to the circuit open state, no change was observed at 
all even after SO hours of standing. Then, the 
transparent display electrode 4 and the counter 

25 electrode 5 were 5hcrt-circuited. whereby xio change 
was observed at all even after 50 hours of standing, 
so that the realisation of a good memory 
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charac*cer i^tic was confirmftd. 

The display device of this example was 
subjected "to application of rectangular pulse voltages 
of 50 msec and various amplitudes*, whereby the display 
5 device exhibited a threshold voltage ox 30 volts and a 
good gamma.— characteristic similarly as in Example 1. 
Further even after repetition of 10O cycles of 
switching by application of ractangul^r pulse voltages . 
of 50 msec and ±50 volts, no change in drive 
10 characteristics was observed. 

§ c^jc, Example 3 

This example is presented for describing the 

applicability of the present invention to a horizontal 

jnovement-type elwtrophoretic dieplay device as 

Q3 

disclosed in JP-A ^0^QQ5 ?^^. 

Figure 5 is a schematic sectional view of a 
display device of this example including two closed 
cells, each corresponding to one pixel (or display 
segment) - Referring to Figure 5, in each cell, an 
entire pixel -forming surface of a display substrate 1 
is provided with a white di&play electrode 25. on a 
part of which a black display electrode 24 is disposed 
via an Insulating layer 15 covering the white display 
electrode 25 - Further, a characteristic adriasive 
layer 8 of the present invention is formed on the 
black display electrode 24 and on a part of the 
insulating layer 15 above the white display electrode 
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25, A hollow cell surrounded by the display substrate 
X 9 -the counter substrate 2 and the partitioning walls 
3 is filled with an elecrtrophoretic layer (EI*)-f orroing 
mixture comprising a transparent insulating liquid 26 
5 and black charged particles 7 dispersed in th6 li<iuid 
26- in each cell, the charged particle 7 are 
Horizontally moved relative to the display substrate 1 
and selectively col leered on the black display 
electrode 24 or he white display electrode 24 above 
10 Liie display substrate to effect a display. 

When the black charged particles 7 in the 
transparent insulating layer 26 are collected on the 
white display electrode 25 as shown in a aright ceil 
by voltage application, the black charged particles 7 
15 and the black display electrode 24 are observed 
(displayed) to the viewer through the transparent 
counter substrate 2. On the other hand, when the 
black charged particles 7 are collected on the black 
display electrode 24 as shown in the left cell by 
20 applying a voltage of a different polarity, the white 
display electrode 25 is observer to provide a white 
display state. If the white display electrode 25 is 
formed in a larger area than the black display 
electrode 24 , the color o£ the white display electrode 
25 25 provides a dominant display state. More exactly, 
the color of the white display electrode 25 may toe 
determined by the color of the insulating layer 15, 
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tne white display electrode 25 per se or the display 
subst irate 1 therebelovr, 

A speclllc display device of this example was= 
prepared as follows. A display substrate 1 was formed 
5 of a 200 pm- thick translucent PET film. An ITO film 
was formed on the display substrate 1 and patterned 
into stripes to form white display electrodes 25 , 
wmch were than coated with a white insulating layer 
15 comprising PKT with titanium oxide particles 
10 dispersed therein. Then, on the insulating layar 15, 
a dark-colored titanium carbide film was formed and 
patterned by photolithography including dry etching 
into SO pin-wide stripes to form black display 
electrod&a 24 - 
15 Then, an adhesive layer 8 was formed on the 

electrodes voiith a a n-batyl acrylate^n-butyi 
methacrylate copolymer- More specifically, 50 wt. 
parts o£ u-butyl aery late and SO wt, parts of ft-Dutyl 
jnettiacry 1 ate were dissolved in toluene to form a 10 
20 wt, %- solution, and 1 wt- % of 2 , 2 1 -azobisisobutylo- 
nitrile was added thereto as a polymerisation 
initiator, followed by 3 hours of polymerization under 
heating at 70 Q C • to form a polymer solution* The 
polymer solution was then applied by spin coating over 
25 tlie black diepxay electrodes 24 and the insulating 

layer 25 above the white display electrodes 25 to form 
a ca. 500 nm-thick adhesive layer 8, whicli exninited a 
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Tg of -15*4 °C, 



The display substrate 1 was further coated. 



with a 50 uia-thlcfc photosensitive resist ( u £u-8 n , mfd. 
by 3w co.)» followed by exposure and wet development 
5 to form partitioning walls 3 of 50 urn in height. 

Then, a layer of heat-bonding adhesive was applied on 
top of the partitioning walls 3, and the respective 
ceils surrounded by the partitioning walls 3 were 
filled with, a mixture Of a transparent insulating 
10 liquid 26 of silicone oil and black charged particles 
7 of a polystyrene-carbon mixture and 1-2 urn in 
particle size. To the silicone oil, 0,5 vt, % each of 
alumina and silica fine particles had been added as 
polar ion- adsorbers . Separately, a pattern of heat- 
is bonding agent layer was applied on a counter substrate 
2 , and the counter substrate 2 was superposed on the 
display substrate 1 with alignment of the heat-bonding 
agent layer "to the partitioning walls 3, followed by 
beat -bonding to form a display device having a 
20 structure as shown in Figure 5 providing two display 
segments each measuring ea. 200 um at ca. 200 urn- 



Accomparative display device was prepared in 
the same manner as in Example 3 except for forming a 
25 ca- 500 nm-thick polyimide film instead of the 
adhesive layer 8 . 




"PS (Operation) 
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The thus -prepared two display devices having 
similar structures as shown in Figure 5 except for the 
difference of the adhesive layer 8 or the polyimide 
film were driven by a drive circuit (not shown) . More 
5 specifically, first, the black display electrodes 24 
of a left cell and a right cell of each device wer6 
supplied with -50 volts and +SG volts, respectively, 
relative to the white display electrodes 25 placed at 
a ground potential. As a result, in the left cell , 
10 the positively charged blacle particles 7 ware migrated 
and attached to the to lack display electrode 24 so that 
the cell displayed the white color of the display 
electrode 25, and in the right cell, the positively 
charged black particles 7 warp, migrated and attached 
15 to the white display electrode 25 , whereby the right" 
cell exhibited the black color of the colored charged 
particles 7 and the black display electrode 24. The 
response speed was 50 msec- The display devices of 
Example 3 and comparative Example 2 exhibited similar 
2i) drive, characteristics. 

When the external circuit was wade open with 
respect to the display device of Comparative Example 
2 , no change was observed . However, after 5 hours of 
standing, a noticeable change in displayed colors was 
25 observed due to partial liberation and diffusion of 
the colored charged particles 7 from the fixing 
surfaces. Then, the external circuit was closed to 






-40- 



apply the initial voltages thereby restoring the first 
display state, and then the black display electrode 24 
and the white display electrode 25 were short- 
circuited, whereby almost all the colored charged 
5 particles were liberated aad diffused into the liquid 
and the color display state was lost within several 
minutes * 



Example 3 in the color display state shown in Figure 5 
10 was similarly brought to the circuit open state, no 
change was obeerved at all even after 50 hours of 
standing. Then, the black display electrode 24 and 
the white display electrode 25 were short -circuited, 
whereby no change was observed at all even after 50 
15 hours of standing, so that the realization of a good 
memory characteristic was confirmed* 



Comparative Example 2 were both subjected to 
application of rectangular pulse voltages of 50 msec 

20 and various amplitudes. As a result, the display 
device of Comparative Example 2 having no adhesive 
layers exhibited a switching threshold voltage of ca, 
5 volts, whereas the display device of Example 3 
exhibited an increased threshold voltage of 35 volts 

25 and remarkably improved gamma-characteristic- Further 
even after repetition of 100 cycles of switching by 
application of rectangular pulse voltages of 50 msec 



Separately, when the display device of 



The display devices of Example 3 and 
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and ±50 volts, no change in drive characteristics was 
observed , 

As is understood from the above examples, 
according to the present invention., evan in a driv^ 
5 system such as a ©imple matrix drive wherein the 

circuit-open state is not effectively retained, a good 
memory characteristic is exhibited. Further, a£ the 
surface charge on the adhesive layer is never 
released, a statue memory characteristic an he 
10 realized for a long period* Further, a threshold 
O voltage corresponding to an adsorption or attachment 

= energy on the adhesive layer is imparted whereby an 

:j elect rophoretic display device having a remarkably 

jy improved gamma- characteristic is realized. 

=13 

^ p Figure 9 shows an example af elect rap heretic 

is*! 

\^ display device including two closed cells each 

r\ corresponding to a display segment (or pixel) and 

O comprising two opposing electrodes 4 and 5 each having 

~ 20 thereon a charged layer 18. More specifically, each 

re! 1 is defined toy a display-side transparent 
substrate 1, a counter substrate 2 and a partitioning 
wail 3, and iss filled with an electrophoretic layer 
(EL)-fonning mixture comprising a colored insulating 
25 liquid 6 and colored charged particles 7 dispersed ixi 
the insulating liquid 6. In each cell, the difiplay- 
side transparent substrate l is provided with a 
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transpai/ent display electrode 4 a^nd the counter 
$vhstrate 2 is provided with a counter electrode 5* 
Each of the display electrode 4 an<a the counter 
electrode 5 is coated wit^i a charged lay«r 18. 
5 The elect rophoretic display device may be 

produced along a process described hereinbelow . in 
this specific example, the charged film IB was formed 
of -a tetwfluoroethylene-he^afluoropropylene copolymer 
film and concerted Into an elect ret by corona 
10 discharge ^t an elevated temperature. 

First of all, transparent display electrodes 
4 were formed on a transparent display substrate l, 
and counter electrodes 5 were formed on a counter 
substrate 2 . Each of the substrates 1 and 2 m^y he 
15 formed of a material showing a high transraittance for 
visible light and a high heat resistance , examples of 
which may include: inorganic materials/ such as glass 
and quartz; and polymer films,, such as polyethylene 
terephthal ate (PET) and palyether sulfone (PES)- In 
20 this example, glass substrates were used. 

The transparent display electrode 4 may be 
formed of any transparent conductor material capable 
of patterning* in this example, a 200 nm-thicJc indium 
tin oxide (XTO) film was formed by vapor deposition 
25 and patterned into electrodes 4. The counter 

electrodes 5 may also be formed of such transparent 
conductor materials and also of metal conductor 
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materialfe. I™ "this example, a 200 nro- thick Al film 
was formed by vapor deposition ana patterned into 
Electrodes* 5 , 

The respective electrodes were subjected to 5 
5 min of Ar etching for surface roughening to provide an 
Improved film adhesion, and then 5 pirn-thick teflon-FEP 
( tetrafluoroethylene-hexafluoropropylcne copolymer) 
transparent sheets were superposed onto the electrode- 
retaining surfe-eas of the respective substrates, 
10 followed by application of a load thereon, heating to 
300 °C for melt-bonding of the sheets and gradual 
cooling to form a 5 pm- thick coating of the sheet over 
the electrodes. 

Then/ the teflon-FEP sheets were* coated with 
15 <a resist left in the pattern of the segments, and the 
exposed portions of the sheets were removed together 
with the electrodes therebelow by successive etching 
with oxygen plasma end Ar plasma, thus leaving segment 
electrode patterns coated with the 5 pun-thick teflon- 
20 FEP film. 

The substrates carrying the film-coated 
electrodes were disposed within a thermostat chamber 
together with a knife edge electrode attached to art 
XYZ-diaplaoeimerrt drive mechanism. The knife edge 
25 electrode was disposed with a gap opposite to the 

teflon-FEP film surface. After setting the gap at 200 
pm. the temperature within the chamber was held at 300 
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°C and a voltage of -5 kV was applied to the Jmlfe 
edge electrode relative to the electrode below the 
tef lon-FEP film to cause corona discharge between the 
electrode whi.le moving the knif6 edge electrode 
5 parallel to the film surface reciprocally at a 

constant speed to expose the entire teflon-FEF film 
surface uniformly to The corona discharge, followed by 
quenching with dry nitrogen to complete an elect ret - 
forming treatment. 
!0 The thus treated teflon-rfiP film exhibited a 

„ good transparency and also a surface potential of ca. 

*0 35 volts below that of the respective electrodes, 

where the formation of charged films 10 on each of the 
transparent display electrodes 4 and the counter 

P 3 5 electrode 5. 

Then, partitioning walls 3 wfere formed an the 
counter substrate 3. The partitioning walls 3 may 
|3 suitably be formed of a polymer material through any 

m processes, e»g*# a process including a sequence of 

O 20 application of a photosensitive resin layer/ exposure 

and wet development; a process of bonding separately 
produced partitioning walls; or a process of forming 
partitioning walls by molding on a light transmissive 
counter substrate 2.' In this example, a process 
25 including application of photosensitive varnish, 
exposure and wet development was repeated in three 
cycles to form 50 v^-high partitioning walls 3 . 
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Then, an electrophoretic layer- forming 
mixture comprising a colored insulating liquid 6 and 
colored charged particles 7 was placed within the 
partitioning walls. The colored ineulating liquid 6 
5 may be formed by dispersing or dissolving a colorant, 
BUC n as dye, in an insulating liquid, such, as 
silicone oil, toluene, xylene or high-purity kerosene. 
In this e?ta!apl&, the colored Insulating liquid 6 was 
faxuued' by dispereing an antnra.quinor*e-hased hlacK dye 
10 in silicone oil, and 0.5 wt. % each of ultrafine 
alumina and silica particles were added thereto as 
polar ion adsorbents- 

The colored charged particles 7 may comprise 
pigment particles or resin particles of e.g., 
15 polyethylene or polystyrene containing powdery pigment 
dispersed therein capable of being charged in trie 
colored insulating liquid 6. The colored charged 
particles 7 may generally have an average particle 
size on the order of 0.1 - 50 v"*- In this example, 
20 white particles having average particle size of 0.5 
pin and prepared hy dispersing white powdery pigment 
(titanium oxide) in polyethylene particles were used. 
The white resinous particles 7 thus prepared were 
confirmed to he positively charged in the above- 
25 prepared colored insulating liquid 6- 

Finally, the transparent substrate 1 was 
applied onto the partitioning walls 3 with a bonding 
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ageiit to form a display device having structure as 
shown in Figure 1 Having two display segments each 
measuring ca. 500 um x ca. SOO urn. 

5 A display device was prepared in the same 

manner afe in Example 4 except for omitting the 
elect ret- forming treatmant to the teflon-FEP film on 
the electrodes - 
PS ( Operation ) 

10 P The thus-prepared two display devices having 

s=i similar structures as shown in Figure 5 except for the 

-~ presence or absence of negative charge on the films 18 

'-4 were, driven by a drive circuit (nor shown) . Mc»^^ 

§y specifically, first, the electrodes 4 of a left cell 

15 and a right cell of each device were supplied with -50 
volts arid +50 volts, respectively, relative to the 
rr counter electrodes 5* As a result, in the left cell. 

H the positively charged white particles 7 were migrated 

Q and attached to the transparent display electrode 4 so 

?SB? 2D that the cell displayed the white color of the 

attached charged particles 7, and in the right cell, 
the positively charged white particles 7 were migratoa 
and attached to the counter electrode 5, wherp.by the 
right cell exhibited the black color of the colored 
25 insulating liquid 6- The response speed was 50 msec. 
The display devices of Example 4 and Comparative 
example 3 exhibited similar drive char act eristics- 



V 

4 



-47- 



Uhen the external circuit: was made open with 
respact -to the display device of Comparative Example 
3, no change was observed. However, after 5 hours of 
standing* a noticeable change In displayed colors was 
5 observed due to partial liberation and diffusion of 
the calbi^d charged particles ? from the fixing 
surfaces- Then, the external circuit was closed to 
apply the initial voltages thereby restoring the first 
display state , and then the transparent display 
10 electrode 4 and the counter electrode 5 were short- 
circuited, whereby almost all the colored charged 
particles were liberated and diffused into the liquid 
and the color display state was lost within several 
minutes . 

15 Separately , when the display device of 

Example 4 in the color display state shown in Figure 5 
was similarly brought to the circuit open state, no 
change was observed at all even after 50 hours of 
standing. Then, the transparent display electrode * 

20 ana the counter electrode 5 were short-circuited, 
whereby no change was onserved at all even after 50 
hours of standing, so that the realization of a good 
memory characteristic was confirmed. 

Then # the respective cells were supplied with 

25 opposite-polarity voltages, whereby the cells 
exhibited respectively inverted display colore. 
Accordingly, it was confirmed that the adsorption by 
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the charged films ezerted little adverse effects to 
the drive characteristic. 

An electrophoretic display device having a 
5 structure as shown in Figure 10 sing charged films 18 
comprising an inorganic dielectric of lanthanum- added 
lead zirconatc titanate (PLZT) was prepared in the 
same manner as in Example 4 except for using the 
charged film 18 inetoad of the elect ret films IS or 
to teflon-FBP in Example 4- Figure 10 shows a state of 
m the charged films 18 wherein dipole moments in 

=£j respective polarization domain in a dielectric phase 

are uniformly oriented toward the sub^rates. 
ifj The PLZl 1 charged films 18 were prepared in 

=F 15 the following manner. PLZT filroe may be formed 

through a scl-gel process, sputtering or a CVD 
2 (chemical vapor deposition) process » The PLZT films 

O 18 in this example were prepared by sputtering - 

H Each of quartz glass-made substrates 1 and 2 

'■^ 20 carrying transparent electrodes 4 arid Ft-made counter 

electrodes 5 was c-nated with a 2S0 nra~ thick PLZT 
( lanthanum-added lead zirconate titanatc) in a 
stoichiometric compositional ratio by high-f requency 
sputtering - 

25 The deposited amorphous PLZT film was 

selectively heat-treated at 550 - 650 °C for 1 rain . by 
illumination with light from a halogen lamp to be 
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perovsKi tie- form crystal structure showing 
f«roelectricity. The thus-formed PL2T ferroelectric 
film exhibited a transmittanee of ca. 70 %. The PLET 
film was formed into desired patterns by resist 
5 patterning and. dry etching. 

Then, above the PLZT film on each substrate, 
c± parallel plate metal electrode was disposed with a 
gap of 200 ytm, and the PLZT film under heating at 90 
°c was subjected to poling by applying a voltage o* 3 -1 
10 kV to the transparent display electrodes 4 (or pt- 
counter electrodes 5 J relative to the parallel plate 
metal electrode, thereby forming charged films 18* 

By using the substrates 1 and 2 provided with 
the charged films of FLZT, a display device having a 
15 structure shown in Figure 10 and two display segments 
each measuring ca- 200 >un x ca. 200 pm was prepared 
thereafter in the same manner <=ls in Example 4 . 

The thus-prepared display device was driven 
by a drive circuit (not shown). More specifically, 
20 first, the electrodes 4 of a left cell and a rxghL 
cell of each device were supplied with -50 volts and 
+ 50 volts, respectively, relative to the counter 
electrodes 5. As a result, in the left cell, the 
positively charged white particles 7 initially 
25 dispersed in the black insulating liquid 6 were 
migrated and attached to the transparent display 
electrode 4 so that the cell displayed the white color 
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of the attached charged particles 7, and in the right 
cell, the positively charged white particles 7 were 
migrated and attached to the counter electrode 5, 
wherry the right cell exhibited the black colai of 
5 tke colored insulating li<ju±d 6- The response speed 
was 50 msec- 

When the display device of Example 5 in the 
color display state shown in Figure 10 was brought to 
a circuit open state, no chaixye was observed at all 
10 even after 50 hours of standing* Then, the 
q transparent display electrode 4 e«d the counter 

'% electrode 5 were short-circuited, whereby no change 

SI was observed at all even after 50 hours of standing, 

iy so that the realization of a good memory 

Is 15 characteristic was confirmed. 

j~L This example is presented for describing the 

^ applicability of the present invention to a horizontal 

^J^ky^- — ' movement -type eleotrophoretic display device as 



P^tf 20 disclosed in JP-A^ 10^ 00572 -?-, 

Figure 13 is a schematic sectional view of a 
display device of this example including two closed 
cells, each corresponding to one pixel (or display 
segment). Referring to Figure 13, in each cell, an 
25 entire pixel -farming surface of a display substrate 1 
is provided with a white display electrode 25 , on a 
part of which a black display electrode 24 is disposed 
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via an insulating layer 15 covering the white display 
electrode 25. Further, a characteristic charged film 
15 of the present invention is formed on the black 
di&play electrode 24 and on a part of the insulating 
S layer 15 above the white display electrode 25 • A 

hollow ceil eurraundQd by the display substrate 1, the 
counter substrate 2 and the partitioning walls 3 is 
tilled with an electrophoretic layer ( EL) -forming 
mixture comprising a transparent insulating liquid 26 
ID and blac* Charged particles 7 dispersed in the liguid 
26. In each cell- the charged particle 7 are 
horizontally moved relative to the display substrate 1 
and selectively collected on the black display 
electrode 24 or the white display electrode 24 above 
15 the display substrate to effect a display. 

When the black charged particles 7 in the 
transparent insulating liquid 26 are collected on the 
white display electrode 25 as shown in a arighL cell 
by voltage application, the hlack charged particles 7 
20 and the. black display electrode 24 are observed 
(displayed) to the viewer through the transparent 
counter substrate 2* On the other hand, when the 
black charged particles 7 are collected on the black 
display electrode 24 as shown in the left cell by 
25 applying a voltage of a different polarity, the white 
display electrode 25 is to provide a white display 
state. If the white display electrode 25 is formed in 
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a larger area than the black display electrode 24, the 
color of the white display electrode 25 provides a 
dominant display state. More exactly, the color of 
the white display electrode 25 may he determined by 
5 the color of the insulating layer 15, the white 

display electrode 25 per se or the display substrate 1 
therebelow. 

A specific display device of this example was 
prepared as follows- A display 3uhatrate 1 was formed 
10 of a 200 >im-thick translucent PET film. An ITO film 
was formed on tne display substrate 1 and patterned 
into stripes to form white display electrodes 25, 
which were then coated with a white insulating layer 
15 comprising PET with titanium oxide particles 
15 dispersed therein. Then, on the insulating layer 15, 
a dark-colored titanium carbide film was formed and 
patterned hy photo lithography including dry etching 
into 50 pm-wide stripes to form black display 
electrodes 24. 
20 Then, a charged film 18 was formed on the 

electrodes with polyvinylidene fluoride (PVDF) as a 
polymeric ferroelectric material . More specifically, 
FV13F in a pellet form was dissolved in 
dimethyl acot amide (DMA.) to form a 10 wt. % solution 
25 which was then cast over the black display electrnriees 
24 and the insulating layer 15 on the white display 
electrodes and patterned to form a 2 pm-thicx PVDF 
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film on the ©lectroae.a. 

Then, above the PVDF film on the display 
$u£»strate 1. a parallel plate metal electrode was 
disposed with a gap of 200 um, and Lhe PVDF film under 
5 heating at 100 °C was subjected to paling by applying 
a voltage of +1 kV to the black display eifierrofles 24 
and the white display electrodes 25 relative to the 
parallel plate metal electrode for ca. 15 min, 
followed by cooling to room temperature to form 
10 cnarged films IS. 

The display auhsrrate 1 was farther coated 
with a 50 pm-thick photosensitive resist ("SU-8\ mfd, 
by 3M Co.)/ followed by exposure and wet developmtmt 
to form partitioning walls 3 of 50 ^ in height. 
15 Then, a layer of heat-bonding adhesive was applied on 
top of The partitioning walls 3, and the respective 
cells surrounded by the partitioning walls 3 were 
filled with a mixture of a transparent insulating 
layer 2 6 of silicone oil and black charged particles 7 
20 of a polystyrene- carbon miKtuta and 1-2 urn in 

particle sizse. To the silicone oil, 0.5 wt- % aach of 
alumina, and silica fine particles had been added as 
polar Ion-adsorbers . Separately, a pattern of heat- 
bonding agent layer was applied on a counter substrate 
25 2 , and the counter substrate 2 was superposed on the 

display substrate 1 with alignment of the heat-bonding 
agent layer to the partitioning walls 3, followed by 
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heat -bonding to form a display device having a 
structure as ?houn In Figure 5 and two display 
segments each measuring ca. 200 pm x ca. 200 um. 

5 A comparative display device was prepared in 

the same maimer as in Example 6 excapt for forming a 
ca. 2 um-tUicrk polyimida film without poling instead 
of the poled PVDF Slims lft. 
P^S (Operation) 

10 The thus-prepared two display devices o£ 

q Example 6 and Comparative example 4 having similar 

^ atructures as shown in Figure 10 except for the use of 

= §=3 

■%J the poled PVDF-filoi 16 and the non-poled polylmitle 

film 18 were driven by a drive circuit (not shown) . 
% 15 More specifically, first, the black display electrodes 

24 of a left cell and a right cell of each device were 
ill supplied with -50 volts and +50 volts, respectively* 

j3 relative to the white display electrodes 25 placed at 

□ a ground potential. Ae a result, in the left cell. 

U 20 the positively charged black particles 7 were migrated 

and attached to the black display electrode 24 so that 
the cell displayed the white color of the display 
electrode 25, and in the right cell, the positively 
charged black particles 7 were migrated and attached 
25 to the white display electrode 25. whereby the right 
cell exhibited the black color of the charged 
particles 7 and the clack display electrode 24. The 
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response speed was 50 msec. Tne display deviceB of 
Example 6 and Comparative Example 4 exhibited similar 
drive characteristics- 

When the external circuit: was mad« «pen with 
5 respect to the display device of Comparative Example 
4, no change was observed • However, after 5 hours of 
standing, a noticeable change in displayed colors was 
observed due to partial liberation and diffusion of 
ti,R colored charged particles 7 from the fixing 
10 surfaces- Then, the external circuit was closed to 
apply the initial voltages thereby restoring the first 
display state, and then the blacJc display electrode 24 
and the white display electrode 25 were short- 
circuited, whereby almost all the colored charged 
15 particle* were liberated and diffused into the liOTicl 
and the color display state was lost within several 
minutes - 

Separately r wtien the display device of 
Example 6 in the color display state shown in Figure 

20 13 was similarly brought to the circuit open state, no 
change was observed at all even after 50 hours of 
standing. Then, the black display electrode: 24 and 
the white display electrode 25 were short-circuited, 
whereby no change was observed at all even after 50 

25 hours of standing* so tuat the realization of a good 
memory characteristic was confirmed. 

As itEs understood from the above examples. 
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a«;arding to the present invention, p.ven in a drive 
system such as a simple matrix drive wherein the 
circuit-opan state is not effectively retained, a good 
memory characteristic is exhibited. Further, as the 
5 surface charge on the charged layer is never released, 
a stable memory characteristic can bo realised for a 
long period. 




